This study assessed the effect of feeding stacked genetically modified (GM) corn event (MON89034 × MON88017) on embryonic development, adult tissue histology and assessed the possibility of transgenic DNA transfer, using zebrafish as an animal model. Adult zebrafish were separated into male and female groups. After 3 weeks of feeding with experimental diets, males and females were paired once a week and fertilized embryos were collected, then the male and female fish were returned to their sex-specific groups. This fertilization and embryo collection process were repeated 3 times. Embryonic morphological measurements were obtained on developing embryos up to 96 hours after fertilization, and then the embryos were fixed in 4% phosphate-buffered paraformaldehyde for morphologic assessment. At the end of the feeding study, various adult zebrafish tissues were histologically examined for abnormalities. Both zebrafish tissues and embryos were analyzed for presence of plant specific genes and transgenic sequences. No changes or abnormalities were observed in embryonic morphology nor in any of the tissues examined histologically. In addition, no plant DNA reference genes or transgenic DNA were found in any of the analyzed samples. These results demonstrate that the safety and nutrition of MON89034 × MON88017 corn are similar to non-GM corn.
Introduction
With the worldwide commercialization and rapid increase in genetically modified organisms (GMOs), numerous transgenic crops are being developed with modified trait involving multiple genes for various characteristics with the expectation of solving problems such as disease, weed management and enhancing production efficiency as well as improving functional properties [1] . According to the definition provided by Organization for Economic Co-operation and Development (OECD), a "stacked GMO" can be a retransformation of an existing transgenic line or crossing between two or more existing GM transgenic lines [2] .
In the European Union (EU), stacked GM events are assessed as new GMOs, although not all aspects of the safety assessment for single GM events are deemed to be as relevant for stacked GM events [3] . In the Commission Implementation Regulation (EU) No. 503/2013, which came into force in June 2013 [4] , it is reported that stacked GM events need to be assessed in relation to: 1) stability of the inserts; 2) expression of the introduced genes and their gene products; and 3) potential synergistic or antagonistic effects. This also pertains to any subcombinations, in the case of a multiple stacked GM event, where the stacked GM event has not yet been authorized separately.
Considering the rapid increase in number of GM constructs, more efficient and faster methods are needed to determine whether feeds and food contain approved or unapproved GM ingredients. Genetically modified constructs are often composed of common elements such as the 35S promoter, the NOS terminator or an antibiotic resistance gene as selection markers [5] . If these elements are detected, GM material may be present [6] . Due to increased feeding of GM plants to meat, milk and egg producing animals, safety concerns have been raised with respect to potential adverse effects on animals and humans health [6] - [10] . GM plants directly consumed by human or the transfer of the recombinant DNA and proteins from diet to livestock and livestock derived products that are consumed by humans may pose a perceived or possibly even real development of toxicity leading to risk to human health [11] .
Several studies have confirmed the compositional and nutritional equivalence of GM crops when compared with their isogenic non-GM or conventional counterparts [12] - [16] . Numerous animal studies have focused on evaluating the risks of feeding GM maize on health and growth parameters and no abnormalities have been identified [17] - [20] . However, other animal studies have indicated serious health risks associated with consumption of GM food [21] - [26] .
In order to prove safety in the EU, GMOs must be subjected to toxicological tests, including animal feeding trials and risk assessment must be performed by the European Food Safety Authority (EFSA). That is, only organisms or products that are evaluated as safe by EFSA can be allowed to enter the market by the European Union Commission [27] . Within the context of agricultural biotechnology, the overall goal of the safety assessment is not to demonstrate that foods obtained from GM crops are absolutely safe, but rather to demonstrate that they are as safe as those obtained from non-GM comparators [28] .
Zebrafish (Danio rerio) are a powerful vertebrate animal model system that can be used as an effective alternative to mammalian animal testing to study mechanisms of toxicity [29] . Using zebrafish as a model organism, duration and cost of trials can be greatly reduced. When working with GM feed ingredients, it is a challenge to obtain a proper control, such as the near-isogenic maternal line of the GM event. Thus, it is advantageous that only small amounts are required to conduct a feeding trial. Furthermore, fish performance and health are issues of economical and animal welfare concern in their own right, and fish health could be influenced by the newly expressed protein and/or unintended effects from the GM event [30] .
Genuity VT Triple PRO (MON89034 × MON88017) is a genetically modified corn hybrid produced by crossing two GM maize inbreds: MON89034 and MON88017. This hybrid cross expresses cry1A.105 and cry2Ab2 genes (insect resistance: Lepidoptera) from MON89034, cry3Bb1 gene (insect resistance: Coleoptera) and cp4epsps gene (herbicide tolerance: glyphosate) from MON88017. The aim of this study was to determine the effect of feeding stacked genetically modified corn event (MON89034 × MON88017) on the embryonic development, adult histology and assess the possibility of transgenic DNA transfer to adult zebrafish tissues and embryos.
Materials and Methods

Plant Material
The genetically modified corn sample event (MON89034 × MON88017) was collected from field trials con-A. M. Rayan et al. 1287 ducted in the United States (Texas A&M Agrilife Research and Extension Center at Corpus Christi, South Texas, USA). Non-genetically modified (near isogenic) corn B73 × MO17 is a hybrid formed from the cross of two related non-transgenic inbreds, B73 and MO17, both of which lacked the transgenic elements found in the GM corn sample, was used as the control. The non-GM corn (B73 × MO17) was obtained from USDA-ARS-MWA, United States Department of Agriculture, USA. This line was cultivated and harvested under identical conditions in the same location at Texas, USA.
Fish Husbandry and Sampling
Adult fish were raised and kept under standard laboratory conditions at 28.5˚C [31] in the Department of Biology at Texas A&M University. Adults zebrafish were randomly divided into four groups (8 per group): Icontrol male group (given non-modified feed), II-control female group (given non-modified feed), IIIexperimental male group (given GM corn feed), and IV-experimental female group (given GM corn feed). After feeding zebrafish with control diet (containing 20% non-GM corn) or the experimental diet (containing 20% transgenic corn) for 3 weeks, male and female adult zebrafish were paired in the evening and fertilized embryos were obtained at 10 to 11 AM the following morning, at which time the adult zebrafish were returned to their appropriate group tank. The fertilization process was repeated 3 times (1 time per week). Embryo medium, consisting of ultra-pure water, containing trace amounts of minerals and adjusted to pH 7.2, was used to maintain the developing zebrafish embryos and was freshly prepared for each experiment according to Westerfield [31] . All zebrafish embryos were staged, anesthetized with MS222 and fixed in 4% phosphate-buffered paraformaldehyde at 96 hours post fertilization (hpf) as described by Kimmel et al. [32] .
All procedures for animal use were approved by the Texas A&M University. Laboratory Animal Use Committee and all zebrafish were maintained and used according to protocols consistent with the Information Re- 
Morphological Assessment
Zebrafish embryos (ZFEs) were periodically removed from the 28.5˚C incubator and briefly examined at room temperature (25˚C) to monitor the developmental stage, mortality, hatching, response to touch (elicited movement) by hatched embryos, and the presence of any deformities at 24, 48, 72, and 96 hours post fertilization (hpf). At 96 hpf, ZFEs were anesthetized with MS-222 and fixed in 4% phosphate-buffered paraformaldehyde (pH 7.4) for 12 hours at 4˚C, then stored in phosphate buffered saline (PBS) at 4˚C. ZFE morphology was assessed in the fixed state using a SZ-40 binocular microscope (Olympus, Center Valley, PA, USA). Images of embryos were captured using an Eclipse E400 microscope equipped with a 2× objective, a Nikon DXM1200 digital camera, and ACTI imaging software (Nikon Instruments, Melville, NY, USA). Using NIH Image J, the body length, eye area and yolk sac area were measured.
Histological Analysis of Adult Fish Tissues
At the end of the feeding experiment (5 weeks), the fish were anesthetized with MS-222 and then killed by chilling on wet ice. The brain, eyes, liver, segments of skeletal muscles and ovaries were dissected for DNA analysis. From the remaining body parts, skin/scales, nerve, spinal cord, medulla oblongata, blood vessels, red blood cells, gonads (male and females), small intestine, large intestine, cartilage, bones, gills, unilocular adipose tissue and skeletal muscles were fixed in 10% neutral buffered formalin (NB), processed for paraffin embedding, sectioned at 5 µm, and the sections placed on glass microscope slides, stained with H & E stain and cover slipped with Permount (VWR, Radnor, PA, USA). The investigator was blind as to the exposure of the individual zebrafish (control vs. GM) when all tissues were examined for the presence of any morphologic abnormalities. Two to 4 sections of each tissue from each zebrafish were assessed.
Assessment of DNA Transfer
DNA Extraction
A full set of tissues were collected including brain, eyes, liver and skeletal muscle from adult male zebrafish and brain, eyes, liver, skeletal muscle and ovaries from adult female zebrafish. All collected samples including adult A. M. Rayan et al. 1288 zebrafish tissues and embryos were stored at −70˚C until the DNA was extracted.
DNA from zebrafish selected tissues and embryos was extracted using DNeasy Blood and Tissue kits (Qiagen GmbH, Hilden, Germany). DNA from transgenic corn (positive control) was extracted using the DNeasy Plant Mini kit (Qiagen GmbH, Hilden, Germany). DNA purity and concentration were determined using a Nano-Drop Spectrophotometer (Model 2000, Thermo Scientific, Wilmington, DE, USA).
PCR Analysis
DNA from transgenic corn MON89034 × MON88017 was used as a positive control for the presence of 35S promotor, NOS terminator, zein gene, Cry3Ab1, Cry1A105 and Cry2Ab2. Also, β-globin is a housekeeping gene of zebrafish was used as an internal control. Two-step-down multiplex PCR (2SD-mPCR) was used to optimally amplify target segments of the 35S promotor, NOS terminator and zein gene (endogenous plant gene). Reactions were carried out in 25- 
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PCR reaction conditions were 35 cycles at 94˚C for 1 min, 55˚C for 1 min and 72˚C for 2 min.
Statistical Analysis
Statistical analysis was carried out on all data collected using one-way ANOVA and Duncan New Multiple Range post hoc test from the SPSS 16.0 package. Mean values of the test groups with the controls groups were compared.
Results and Discussion
Morphological Assessment
Development is a critically sensitive period where changes in environmental conditions can alter the normal program of embryogenesis [34] . We are the first to have performed embryonic morphological assessments of zebrafish embryos (ZFEs) produced by adult fish fed GM corn compared to ZFEs from adult fed non-GM corn. No deformities were observed in the body length, eye area or yolk sac area of ZFEs produced by control zebrafish fed non-GM corn or in ZFEs produced by treated zebrafish fed GM corn. Also, as seen in Table 2 there were no significant differences between the two groups of embryos with respect to body length, eye area and yolk sac area measurements.
Survival was observed after 24, 48, 72, and 96 hours post fertilization (hpf) (Figure 1(a) ). This was done by counting live/dead ZFEs/larvae for each group and the specified time points. The survival percentages tended to be slightly higher for the ZFEs treated-zebrafish fed GM corn than ZFEs control-zebrafish fed non-GM corn. However, these increases were only trends and not significantly different.
With regard to hatching, at 48 hpf 31% of the control embryos had hatched from their chorions and an equal number (30%) of the ZFEs produced by adult zebrafish fed GM corn (Figure 1(b) ) also had hatched by 48 hpf. After 72 hpf the hatching percentage was at 92% in both control ZFEs and ZFEs produced by adult zebrafish fed GM corn. All ZFEs from control zebrafish adults as well as from adult zebrafish fed GM corn had after 96 hpf exhibiting approximately 2% mortality. Sreedevi et al. [35] reported that hatching is a critical period of embryogenesis, and hatching has been used as an important assessment endpoint in the early stages of fish development.
Starting between 19 and 24 hpf, ZFEs began to show spontaneous motor movements of the body; the tail coiled rapidly followed by a slower relaxation phase [36] [37] . Control ZFEs and ZFEs produced from adult zebrafish fed GM corn exhibited normal spontaneous movements that were not significantly different (data not shown). However, there were significant differences between the two groups (Figure 1(c) ) with respect to elicited movement, which was generated by touching the tail of hatched ZFEs at 96 hpf with the tip of an insect pin. Significantly more ZFEs produced by adult zebrafish fed GM corn responded to being touched by the insect pin than ZFEs produced by adult zebrafish fed non-GM corn. However when the distance each ZFE moved was analyzed, ZFEs produced by adult zebrafish fed GM corn did not swim as great a distance in their response as did ZFEs produced by adult zebrafish fed non-GM corn. The reason for this difference is not clear. It is possible that the ZFEs produced by adult zebrafish fed GM corn were somewhat more advanced in their development compared to ZFEs produced by adult zebrafish fed non-GM corn. Additional behavioral studies are warranted to better understand this difference in response. Table 2 . Morphological measurements of ZFEs produced from zebrafish fed non-GM corn (Group Ӏ) and ZFEs produced from zebrafish fed GM corn (Group ӀӀ). 
Histological Analysis of Adult Fish Tissues
No abnormalities or significant differences were observed for any of the tissues or organ that observed when adult control zebrafish fed non-GM corn were compared to adult treated-zebrafish that were fed GM corn.
Assessment the Transgenic DNA Transfer
DNA Traceability
Assessment of the presence of plant derived-DNA was conducted using PCR on various fish tissues, including: brain, eye, liver and skeletal muscle from male adult zebrafish and brain, eye, liver, skeletal muscle and ovaries from female adult zebrafish and also from 96 hpf ZFEs. Due to possible sampling of intestinal contents and obtaining plant material if the gastrointestinal (GI) tract was decided that there was additional risk with respect to contamination of the surrounding organs, so investigation of the GI tract was not performed [38] - [40] . Identification of DNA fragments in the intestinal wall might have been due to passage of nucleic acid into the fish tissues, but it is almost impossible to thoroughly clean the samples from intestinal contents and the risk of false positives due to contamination was too high [30] [40] . Therefore, we focused on investigating for the presence of plant DNA in the main organs that were sampled with extreme care to avoid contamination. Three independent DNA isolations were performed on each organ and tested with PCR for the presence of six target corn gene fragments (35S promoter, NOS terminator, Zein, Cry3Ab1, Cry1A105 and Cry2Ab2). Zein represents a maize multicopy gene [41] , and is used as positive control to identify maize DNA (Tables 3-5) . To eliminate the presence of inhibitors in PCR reactions, DNA quality was confirmed by amplification of a 230 bp fragment of the β-globin as a housekeeping of zebrafish DNA preparations ( Tables 3-5) . Cry3Ab1, Cry1A105 and Cry2Ab2 are the synthetic single copy genes inserted into the maize event MON89034 × MON88017 [42] . PCR tests were performed in triplicate. The samples of each independent DNA isolation (two samples for each organ) were processed all together to reduce variability of yield and quality. To overcome the problem of DNA extraction from the small zebrafish embryos, 10 embryos were pooled per sample and the pooled samples were used for the extraction. The genes chosen for detection were selected in highlight differences in PCR amplification and tissue specificity. Negative control
Male control group fed non-GM corn. Group (ӀӀӀ): Male experimental group fed GM corn. Negative control
Female control group fed non-GM corn. Group (ӀV): Female experimental group fed GM corn.
Detection of Transgenic and Endogenous Plant DNA in Adult Male and Female Zebrafish Tissues
The DNA sequences of 35s CaMV and NOS terminator that is present in GM corn MON89034 × MON88017, and endogenous zein gene of corn, were not detected in any sample of adult male and female zebrafish tissues. The fragments of endogenous plant genes, zein (277 bp) and 35s CaMV (115 bp) and NOS terminator (185 bp) were present only in the samples extracted from GM corn, which used as positive controls ( Table 3 and Table  4 ). All samples gave positive results for β-globin (230 bp) which is housekeeping gene found in zebrafish DNA, indicating the quality of extracted DNA was good ( Table 3 and Table 4 ). Similarly, the sequences of transgenes Cry1A105 (133 bp) and Cry2Ab2 (121 bp) and Cry3Ab1 (120 bp) were present only in the samples extracted from GM corn, which were used as positive controls as well ( Table 3 and Table 4) .
Our results agreed with several published articles demonstrating the complete digestion of the transgenic Negative control
ZFEs produced from fish fed non-GM corn. Group (ӀӀ): ZFEs produced from fish fed GM corn.
DNA from plants that are consumed. Studies aiming at verifying the presence of transgenic fragments in organs and tissues from animals that consumed GM plants, also gave negative results. In the study of Sissener et al. [30] , fragments of transgene from MON 810 corn were detected only in intestinal organs and in one liver sample of zebrafish fed diet containing GM corn and the authors attributed that finding to the presence of residual feed in the intestine and contamination of one liver sample from the intestinal organs during sampling [30] . Świątkiewicz et al. [43] detected relatively small fragments of single-copy RR and Bt transgenes in all samples of crop and gizzard content, but the transgenes were not detected in any samples of duodenum, jejunum, ileum, and caecum digesta, excreta, and tissues (blood, liver, spleen, breast muscle) of chickens fed GM soybean meal and corn. Furthermore, Świątkiewicz et al. [43] found that the DNA sequences of 35s CaMV that were present in RR soybean and Bt corn, NOS terminator of RR soybean, and endogenous lectin and invertase genes of soybean and corn, were not detected in any sample of excreta and tissues. Also, transgenic DNA was not detectable in tissues of pigs or rabbits fed diets containing GM corn [44] [45] or soybean meal [23] [46]. Walsh et al. [8] stated that no transgenic or corn-specific DNA could be detected in the tissues of pigs (including heart, liver, spleen, kidney, and muscle) fed a GM corn-based diet. No transgenic or corn-specific DNA was detected in any tissue samples of hen (such as breast muscle, leg muscle, ovary, oviduct, and eggs) from the non-GM-fed and GM-fed groups. These data suggest that no corn-endogenous genes or transgenic fragments had been transferred to the hens' tissues [47] . Netherwood et al. [39] found that small proportions of transgenic genes in GM soya, such as the native soya DNA, survives passage through the human upper gastrointestinal tract but is completely degraded by the time it reaches the large intestine. Although they found some evidence of preexisting gene transfer between GM soya and the human small intestinal microflora, the bacteria containing the transgene represented a very small proportion of total microbial population, and there was no indication that the complete transgene had been transferred to the prokaryotes. Thus, it is highly unlikely that the gene transfer events seen in the study by Netherwood et al. [39] would alter gastrointestinal function or pose a risk to human health.
Detection of Transgenic and Endogenous Plant DNA in Zebrafish Embryos
It was important to assess the possibility of DNA transfer to embryos when adult zebrafish were fed GM ingredients. As was observed for the adult zebrafish organs and tissues, the DNA sequences of 35s CaMV, NOS terminator, Cry1A105, Cry2Ab2 and Cry3Ab1 that are present in GM corn MON89034 × MON88017, and endogenous zein gene of corn, were not detected in any sample of zebrafish embryos ( Table 5) .
In a study carried out by Prescott et al. [48] embryos of GM soy-fed adult mice also showed temporary changes in their DNA function, compared to those whose parents were fed non-GM soy. Tudisco et al. [49] found in goat study that transgenic target DNA sequences (35S and CP4 EPSPS) were not detected in organs from control kids whose dams received a diet containing conventional soybean meal. In contrast, transgenic DNA fragments were amplified from some samples of kids whose dams received transgenic soybean. Also, the CP4 EPSPS fragment was found in more samples compared with the 35S fragment. The author mentioned that A. M. Rayan et al. 1293 the reason for such a result is not clear, but it could be due to slight differences in PCR conditions.
To the best of our knowledge, this is the first study to assess the possibility of transgenic DNA transfer to ZFEs produced by adult zebrafish fed on GM corn.
Conclusion
The present study showed that no abnormalities were observed in embryonic morphology of ZFEs that were produced from adult zebrafish fed GM-corn in their diet. In addition neither the plant DNA reference gene nor transgenic DNA were found in tissue samples of the adult male and female zebrafish fed genetically modified corn and the same negative observation was made for the ZFEs produced by the adult fish that were fed the GM corn. According to our previously study [16] , which proved that GM corn MON89034 × MON88017 is substantially equivalent to its conventional counterpart and the results from the current study, it can be concluded that corn event MON89034 × MON88017 is as safe and nutritious as non-GM corn.
